The first two authors contributed equally to this paper Phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway plays a crucial role in the formation and progression of many malignancies, and has been shown to be an important therapeutic target for cancer. In the present study, human gastric adenocarcinoma tissues of different grades (N=45) were collected. The protein expression of PI3Kp85a and phosphorylated AKT (p-AKT) was evaluated immunohistochemically in the biopsy samples. PI3K1AKT pathway was blocked by constructed recombinant small hairpin RNA adenovirus vector rAd5-PI3Kp85a (rAd5-P) used to transfect into human gastric cancer SGC-7901cell line. The transfection efficiency of rAd5-P in SGC-7901 cells was observed under fluorescent microscope. The expression of PI3Kp85a, p-AKT, Ki-67 and matrix metallopeptidase-2 (MMP-2) was detected by Real-time PCR and Western blot assays. Cell proliferative activities and metastatic capabilities were determined by MTT and Transwell assays. As a consequence, the protein expression of P13Kp85a and p-AKT was respectively observed in 80.0% and 82.2% gastric adenocarcinoma tissues, elevating with the ascending order of tumor malignancy. Targeted blockade of PI3K pathway decreased the expression of PI3Kp85a, p-AKT, Ki-67 and MMP-2, and inhibited the proliferative activities and metastatic capabilities of gastric cancer cells. In conclusion, PI3Kp85a and p-AKT were strongly expressed in gastric adenocarcinoma tissues, and targeted blockade of PI3K pathway may inhibit gastric cancer growth and metastasis through down-regulation of Ki-67 and MMP-2 expression. PI3K1AKT pathway may represent an important therapeutic target for gastric cancer.
altered in a variety of human malignancies. Many researchers have demonstrated the promoting effects of PI3K1Akt signaling on proliferation, survival and resistance to apoptosis, angiogenesis and cell motility in many malignant cancers (3) . PI3K pathway is frequently activated in carcinomas through the constitutive activation of stimulatory molecules and function of the inhibitory PTEN protein that results in AKT activation. PIK3CA as PI3K catalytic subunit is likely to function as an oncogene and represents a crucial target in the treatment of cancer patients (4) . More importantly, up-regulation of PIK3CA may promote the metastasis of gastric cancer through aberrant activation of PI3K1Akt signaling and is expected to be a promising indicator of metastasis in gastric cancer (5) .
In addition, PI3K1AKT as the mediator plays an important role in tumor metastasis and apoptosis escape. Sonic hedgehog signaling promotes the metastasis of gastric cancer through activation of the PI3K1Akt pathway and further leads to mesenchymal transition and MMP-9 activation (6) . Activation of PI3K1Akt by TRAIL is responsible for resistance to TRAIL in human gastric cancer cell apoptosis. Blockage of PI3K1Akt survival signals significantly enhances the apoptosis induced by TRAIL (7) . Also, PI3K1Akt pathway exerts an important role in preventing Fas-mediated apoptosis, and a PI3K inhibitor, such as LY294002, might be a useful antitumoral agent for gastric carcinoma (8) .
Next, the major obstacle to successful treatment of gastric cancer is chemotherapy resistance. PI3K1Akt pathway plays an important role in the chemoresistance of gastric cancer cells. A new strategy for combined chemotherapy of gastric cancer should be designed to more specifically block PI3K1Akt pathway and then decrease the amount of resistant cells (9) . Moreover, PI3K1 Akt/mdm2 signaling pathway can be activated by doxorubicin and suppress apoptosis by promoting phosphorylation of mdm2, and PI3K inhibitor can enhance sensitivity of gastric cancer cells to chemotherapy (10) . Therefore, it is indispensible to adopt some strategies for blockade of the PI3K1Akt pathway in gastric cancer.
In the present study, in order to further confirm the role of PI3K1AKT pathway in gastric cancer development and progression, we evaluated the protein expression of PI3Kp85a and p-AKT in human gastric adenocarcinomas. Using a loss-offunction approach, we investigated in vitro the role of PI3K1AKT pathway in growth and metastasis of gastric cancer SGC-7901 cells, and attempted to find a promising therapeutic target for cancer.
MATERIALS AND METHODS

Materials
Gastric cancer SGC790I cell line used in the experiment was from the Institute of Biochemistry and Cell Biology (Shanghai, China). Adenovirus-mediated P13Kp85a shRNA vector, negative control vector rAd5-HK and virion-packaging elements were from Genechem (Shanghai, China). The primers of PI3Kp85a, p-AKT, Ki-67 and MMP-2 were synthesized by ABI (USA). All antibodies were from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Drugs and reagents
3 -(4,5) -dimethylth iah i azo ( -z-yl) -3,5 -diphenytetrazoliumromide (MTT) was from Dingguo biology (Shanghai, China); Dulbecco's Modified Eagle medium (DMEM) and fetal bovine serum (FBS) were from Thermo Fisher Scientific Inc (Waltham, MA, USA); Tklzol Reagent and Lipofectamine 2000 were from Invitrogen (Carlsbad, CA, USA); M-MLV Reverse Transcriptase was from Promega (Madison, WI, USA); SYBR Green Master Mixture was from Takara (Otsu, Japan).
Tissue samples
Forty-five freshly resected gastric adenocarcinoma samples were collected at the Department of Gastroenterology of the Fifth Affiliated Hospital of WenZhou Medical College during 20 I0, and were classified according to World Health Organization categories (2000) . Tissues and clinical information were obtained as part of an approved study at WenZhouMedical College. There were 10 cases of well-differentiated gastric adenocarcinoma tissues, 10 cases of moderatelydifferentiated gastric adenocarcinoma tissues, 25 cases of poorly-differentiated gastric adenocarcinoma tissues, and 45 corresponding cases of adjacent non-cancer tissues. Ten cases of normal gastric tissue specimens were obtained from endoscopic patients with chronic gastritis. A portion of each tissue sample was fixed with 10% formalin for histopathological and immunohistochemical examination. All tumors and normal gastric tissues were diagnosed by two independent gastroenterologists.
Immunohistochemical staining
Formalin-fixed tissue samples were prepared as paraffin-embedded sections and stained with hematoxylin and eosin. Unstained sections were deparaffinized and incubated overnight at 4°C with primary antibodies against PI3Kp85a and p-AKT and with biotinylated secondary antibody at room temperature for 1 h, followed by incubation with ABC peroxidase and 3,3' diaminobenzidine (DAB; 30 mg dissolved in 100 ml Tris-buffer containing 0.03% HPz). Sections were counterstained with hematoxylin. Expression ofPI3Kp85a and p-AKT in each specimen was scored according to the percentage of positive-stained cells counted in five randomly selected high magnification fields: O-no expression, l-positive cell ratio <25%, 2-positive cell ratio 26-50%, and 3-positive cell ratio >50%. The intensity score represents the staining intensity (score 0: no staining signal; score 1: weak positive signal; score 2: moderate positive signal; score 3: strong positive signal). Finally, a total expression score was given ranging from 0 to 12. According to the product of these two indicators scoring the results, they were divided into four levels: score 0-2 is considered as (-), score 3-4 is considered as (+), score 5-7 is considered as (++) and score 8-9 is considered as (+++).
Cell culture and transfection
SGC7901 cells were cultured in DMEM medium supplemented with 10% heat-inactivated FBS, 100UI ml of penicillin and 100llg/ml of streptomycin. They were all placed in a humidified atmosphere containing 5% COz at 37°C. Recombinant adenovirus vector rAd5-P and negative control rAd5-HK were transfected into SGC-790 1 cells. Cells were subcultured at a 1:5 dilution in 300llg/ml G418-containing medium. Positive stable transfectants were selected and expanded for further study. The clone in which the rAd5-P virus vectors transfected was named as rAd5-P group, the negative control vectors transfected was named as HK group and SGC-7901 cells were named as CON group.
Quantitative real-time PCR
To quantitatively determine the mRNA expression levels ofPI3Kp85a and p-AKT in gastric cancer cell line, Real-time PCR was used. Total RNA of each clone was extracted with Tklzol according to the manufacturer's protocol. Reverse-transcription was carried out using M-MLV and cDNA amplification was carried out using SYBR Green Master Mix kit according to the manufacturer's protocol. PI3Kp85a and p-AKT gene was amplified using specific oligonucleotide primer and human glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was used as an endogenous control. The PCR primer sequences were as follows: PI3Kp85a, 5' -GAAAGGAGG AAAUAACAAAdtdt-3' and 5' -UUUGUUAUUUCCUCCUUUCdtdt-3'; p-AKT, 5'-GGAGAU CAUGCAGCAUCGCdtdt-3' and 5' -GCGAUGCUGCAUGAUCUCCdtdt-3'; GAPDH, 5'-CAACGAATTTGGCTACAGCA-3' and 5' -AGGGGTCTACATGGCAACTG-3'.
Data were analyzed using the comparative Ct method (2-6 6 Ct ) . Three separate experiments were performed for each clone.
Western blot assay
Gastric cancer cells were harvested and extracted using lysis buffer (Tris-HCl, SDS, Mercaptoethanol, Glycerol). Cell extracts were boiled for 5 min in loading buffer and then equal amounts ofcell extracts were separated on 15% SDS-PAGE gels. Separated protein bands were transferred into polyvinylidene fluoride (PVDF) membranes and the membranes were blocked in 5% skim milk powder. The primary antibodies against PI3Kp85a, p-AKT, Ki-67 and MMP-2 were diluted according to the instructions of antibodies and incubated overnight at 4 0 C. Then, horseradish peroxidase-linked secondary antibodies were added at a dilution ratio of 1:1000, and incubated at room temperature for 2 h. The membranes were washed with PBS for three times and the immunoreactive bands were visualized using ECL-PLUSlKit according to the kit's instruction. The relative protein level in different cell lines was normalized to GAPDH concentration. Three separate experiments were performed for each clone.
Cell proliferation assay
Cell proliferation was analyzed with the MTT assay. Briefly, cells infected with rAd5-P were incubated in 96-well-plates at a density of lx10 5 cells per well with DEME medium supplemented with 10% FBS. Cells were treated with 20 III MTT dye for a week and then incubated with 150 III ofDMSO for 5 min. The color reaction was measured at 570 om with enzyme immunoassay analyzer (Bio-Rad, American). The proliferation activity was calculated for each clone.
Transwell invasion assay
Transwell filters were coated with matrigel (3.9Ilgllll, 60-80 Ill) on the upper surface ofa polycarbonic membrane (diameter 6.5 rom, pore size 811m). After incubating at 37°C for 30 min, the matrigel solidified and served as the extracellular matrix for analysis of tumor cell invasion. Harvested cells (Ix l O") in 100 III of serum-free DMEM were added into the upper compartment of the chamber. A total of200 IIIconditioned medium derived from NIH3T3 cells was used as a source of chemoattractant, and was placed in the bottom compartment of the chamber. After 24 h incubation at 37°C with 5% COz' the medium was removed from the upper chamber. The non-invaded cells on the upper side of the chamber were scraped off with a cotton swab. The cells that had migrated from the matrigel into the pores of the inserted filter were fixed with 100% methanol, stained with Hematoxylin, and mounted and dried at 80°C for 30 min. The number of cells invading through the matrigel was counted in three randomly selected visual fields from the central and peripheral portion of the filter using an inverted microscope (200x magnification). Each assay was repeated three times.
Statistical analysis
The results obtained were expressed as the mean ± standard error from at least three independent experiments. One-way analysis of variance (ANaYA) and the Kruskal-Wallis H test were used to analyze the differences between groups. The LSD method of multiple comparisons was used when the probability for ANaYA was statistically significant. Statistical significance was P<0.05.
RESULTS
The protein expression of PI3Kp85a and p-AKT in gastric adenocarcinomas
The protein expression of PI3Kp85a and p-AKT was evaluated using immunohistochemical staining. As shown in Fig. I , the protein expression of PI3Kp85a and p-AKT was mainly localized in the cytoplasm. They were respectively observed in 80% and 82.2% gastric adenocarcinoma tissues, indicating the higher expression in gastric cancer tissues than the non-cancerous tissues. Moreover, the protein expression levels of PI3Kp85a and p-AKT were elevated with the ascending order of tumor malignancy (Tables I, II) . Spearman rank correlation analysis showed a positive correlation between PI3Kp85a and p-AKT expression in gastric adenocarcinomas (r=0.816, P<O.OI).
Suppression ofPI3Kp85a and p-AKT expression by rAd5-P in SGC-7901 cells
In order to efficiently knockdown the expression of PI3Kp85a and p-AKT in SGC-7901 cells, an adenovirus-mediated small hairpin RNA approach was used to construct the rAd5-P vector. In pilot studies, the transfection efficiency of rAd5-P (MOI=100) in SGC-7901 cells was greater than 95% as observed under fluorescent microscopy (Fig. 2) . After rAd5-P was transfected into SGC-7901 cells, Real time-PCR and Western blot assays were performed at 48 h recovery to measure the expression of PI3Kp85a and p-AKT. As shown in Fig. 3, A-B , an obvious inhibition of PI3Kp85a and p-AKT expression was observed in rAd5-P group compared with the HK group and CON group (each 
Suppression of gastric cancer cell pro liferation by rAd5-P
Deregulated cell proliferation is a hallmark of cancer (11). In order to test the effect of rAd5-P on gastric cancer cell proliferation, we investigated the proliferative activities of SGC-790I cells by MTT assay. As a result, it was found that knockdown of PI3K could significantly reduce the proliferative activities of SGC-7901 cells in a time-dependent manner compared with HK group and CON group The day after tra ns fectio n (d) 5 r:-----------. .
.. C) The amount ofMMP-2 mRNA and protein was decreased in rAd5-P group compared with HK group and CON group (each **P<O.OI). ( Fig. 4A ). In addition, Ki-67 is at the very heart of many essential cellular processes and determines the tumor progression and the outcome of anticancer treatment. To determine whether PI3K knockdown suppressed endogenous Ki-67 through translational repression, the expression of Ki-67 was examined by Real-time PCR and Western blot assays. It was shown that the amount of Ki-67 expression was decreased in rAd5-P group compared with HK group and CON group (each **P<O.OI) (Fig. 4B, C) , suggesting that knockdown of PI3K by rAd5-P inhibits gastric cancer cell proliferation through down-regulation of Ki-67 expression.
Suppression of gastric cancer cell metastasis by rAd5-P
To determine the effect of rAd5-P on gastric cancer cell metastasis, Transwell assay was carried out. The results indicated that the invasive and metastatic potential was determined on the basis of the ability of cells to invade a matrix barrier containing laminin and type IV collagen, the major components of the basement membrane. Representative micrographs of Transwell filters can be seen in Fig. 5A . The invasive capability of SGC-7901 cells was distinctly decreased in rAd5-P group compared with HK group and CON group (Fig. 5B) . In terms of the important role of MMP-2 in tumor metastasis, Real-time PCR and Western blot assays were performed to investigate the effect of rAd5-P on expression of MMP-2. As shown in Fig. 5C , D, the expression of MMP-2 was significantly reduced in the rAd5-P group compared with the HK group and the CON group (each **P<O.Ol), indicating that knockdown of PI3K by rAd5-P inhibits gastric cancer cell metastasis through down-regulation of the MMP-2 expression.
DISCUSSION
PI3K in cell survival pathways regulates the gene expression and cell metabolism, and the products of PI3K-catalysed reactions are essential to cell proliferation, adhesion, survival, cytoskeletal rearrangement and vesicle trafficking (12, 13) . The serine/threonine protein kinase AKT can be activated by PI3K-mediated signal transduction and hence regulate cell survival (14, 15) . Moreover, PI3K and some of its downstream targets such as AKT are crucial effectors in oncogenic signaling (16) . PI3K1AKT signaling pathway reflects the grade of malignancy in human gastric adenocarcinomas, involves in tumor growth and angiogenesis, and may represent potential diagnostic and therapeutic targets (17) . In our study, it was also found that the expression ofPI3Kp85a. and p-AKTwas significantly increased in gastric adenocarcinomas compared with the non-cancerous tissues, and their expression levels were elevated with the ascending order of tumor malignancy, which might be associated with their accumulating in the cytoplasm. Spearman rank correlation analysis showed a positive correlation between PI3Kp85a. and p-AKT expression in gastric adenocarcinomas Thus, PI3Kp85a. and p-AKT might be the prognostic biomarkers and potential therapeutic targets for gastric cancer.
Furthermore, novel treatment strategies targeting PI3K1AKT pathway in gastrointestinal tumors were concern-worthy. Chemical genetics-based and structure-based drug design attracts attention as the PI3K1Akt pathway inhibitors for anticancer therapeutics (18) . Many researches have proved that PI3K1Akt pathway inhibitors acted an important role in inhibiting the cell proliferation, inducing cell apoptosis and enhancing the sensitivity of chemotherapeutics (19) (20) (21) (22) (23) . However, a recent report has shown that the PI3Kalpha and PI3Kbeta inhibitors have a potential side effect profile affecting metabolism in lung cancer and pulmonary thrombotic processes (24) . Moreover, with the RNA interference (RNAI) rapid development, it has become one of the most widely used tools and may have a good prosperity in modern biology (25) . Compared with PI3K1AKT inhibitor, RNAI has an obvious advantage in cancer therapy. Researches have indicated that RNAI could down-regulate target gene expression, inhibit gastric cancer growth and induce apoptosis (26) . Combined silencing of target genes by RNAI can significantly exert inhibitory effects on gastric cancer growth and metastasis (27) . A loss of function experiment in our study also showed that knockdown of PI3K gene by adenovirus-mediated RNAI vector down-regulated the expression ofPI3Kp85a. and p-AKT, and inhibited growth and metastasis of gastric cancer cells. Ki-67 is a nuclear protein that is expressed in proliferating cells and may be required for maintaining cell proliferation, used as a marker for cell proliferation ofgastric cancer (28) . MMP-2 is thought to be key enzymes involved in the degradation of type IV collagen, and high level of MMP-2 in tissues is associated with tumor growth and invasion (29) . It has been reported that blockade of PI3K1AKT pathway by RNAI inhibits the growth and metastasis of malignant tumors via negative regulation of Ki-67, MMP-9 and positive regulation of Tissue-Inhibitor of Metalloproteinase-2 (TIMP-2) and p53 (30, 31) . Interestingly, in our study, it was also found that knockdown of PI3K by RNA! down-regulated the expression of Ki-67 and MMP-2, suggesting that targeted blockade ofPI3K pathway might inhibit gastric cancer growth and metastasis through down-regulation of Ki-67 and MMP-2 expression.
In conclusion, PI3Kp85a and p-AKT were strongly expressed in gastric adenocarcinoma tissues, and targeted blockade of PI3K pathway may inhibit gastric cancer growth and metastasis through down-regulation of Ki-67 and MMP-2 expression. PI3KJAKT pathway may represent the important therapeutic target for gastric cancer.
